ABSTRACT: The starfish Asterina burtoni is a Lessepsian colonizer which penetrated the Mediterranean Sea from the Red Sea. Populations of A. burtoni are found under rocks and stones in shallow waters along the northern Israeli and southern Lebanese Mediterranean coasts. In the Red Sea, A. burtoni is found in 2 forms, a pentamerous form with 5 equal arms that reproduces sexually, and a pluriradiate form with 3 to 8 arms of unequal length that reproduces both sexually and by fission. In the Mediterranean Sea only the pluriradiate fissiparous form is found. Only male gonads were observed in Mediterranean populations, suggesting reproduction by fission only. It is possible that the successful colonization of the Mediterranean by A. burtoni was mainly due to rapid proliferation by fissiparity. In the present study we used the random amplified polymorphic DNA (RAPD) method to address this question. Genetic diversity was determined within and between different pluriradiate populations from the Mediterranean and the Red Sea, and between the pentaradiate and the pluriradiate populations of the Red Sea. Our RAPD analysis revealed very low genetic diversity both within and between the localities in the Mediterranean, indicating clonal structure of these populations. These populations are similar to a fissiparous population from the south of the Gulf of Elat (Gulf of Aqaba), indicating that the probable origin of the Mediterranean populations is a fissiparous population from the Red Sea. On the other hand, there is high genetic diversity between the pentaradiate and the pluriradiate populations from Elat, at the north end of the Gulf of Elat. Phylogenetic trees based on these results distinguished between the populations from Elat and those of the Mediterranean, but did not show a clear separation between the 2 populations from Elat. This supported our assumption that the Israeli Mediterranean populations of this starfish are exclusively fissiparous, while in Elat the fissiparous population of A. burtoni also reproduces sexually.
INTRODUCTION
The opening of the Suez Canal in 1869 created a connection between 2 different fauna, that of the Red Sea and that of the Mediterranean Sea. It also led to the colonization of the Mediterranean Sea by species from the Red Sea, which migrated via the Suez Canal. The term 'Lessepsian Migration' was coined by Por (1971) to describe the migration of biota through the Suez canal.
Over 200 species, representing most phyla, were listed as Lessepsian migrants (Por 1978) , and new species have been added to the list over the years (Galil 2000) .
The starfish Asterina burtoni is one of the Lessepsian migrants that received scientific attention. Tortonese (1966) recorded the presence of this Indo-Pacific starfish in the Mediterranean, where it has been found along the coasts of Lebanon and Israel. In the Red Sea, 2 forms of A. burtoni are known (Clark 1952 , Tortonese 1960 : a pentaradiate form with 5 equal arms, and a pluriradiate form with 3 to 8 arms of different length. Another difference between these forms is the number of madreporites. Whereas the pentaradiate specimens have only 1 madreporite, the pluriradiate specimens have a variable number of madreporites. Their number is sometimes, but not always, equal to that of the arms (Clark 1967) . Clark (1952) and Tortonese (1960) suggested that the 2 morphological forms of the starfish A. burtoni belong to the same species, and that the pluriradiate form represents young specimens that reproduce by fission. While growing, the starfish change into the pentradiate form that reproduces sexually. In 1952 Clark stated that there is no evidence to affirm the existence of a transitory stage form. Achituv (1969) suggested that the differences between the 2 forms justify specific separation; however, Clark & Rowe (1971) did not accept this suggestion. Emson & Wilkie (1980) claimed that in individuals of large body size, the collagen connection between the skeleton plates is particularly strong, and fissiparity becomes difficult or impossible.
Colonization and the establishment of new populations depend on the reproductive success of the founding population. Achituv & Sher (1991) suggested that fissiparity provides a mechanism for rapid colonization of new environments through the production of multiple copies of genotypes that are adapted to local conditions. Using electrophoretic analysis of polymorphic enzymes, Johnson & Threlfall (1987) showed that local populations of the starfish Coscinasterias calamaria from western Australia exhibit low genotypic diversity. Their results confirm the clonal structure of the local population. This highly clonal structure indicates that asexual proliferation predominates over larval recruitment.
Molecular markers can be used to reveal polymorphisms at the DNA level between and within populations of different taxa (Richardson et al. 1995) . Changes in nucleotide sequences are used in molecular evolutionary studies both for estimating the rate of evolution and for reconstructing the evolutionary history of organisms (Li & Graur 1991) . Some of these techniques can be applied for comparisons between populations and between individuals in the same populations. The random amplified polymorphic DNA (RAPD) technique (Williams et al. 1990 ) has been recognized as a useful tool for population studies (Caetano-Anollés 1993) . RAPD requires only minute quantities of genomic DNA, and short synthetic oligonucleotides of random sequence (Williams et al. 1993) . RAPD has been used in taxonomic, evolutionary and ecological studies, e.g. to separate sympatric populations of sibling species of the periwinkles Littorina (Crossland et al. 1993) , parthenogenetic populations of the cladocerans (Hellsten & Sundberg 2000) , parthenogenetic and sexually reproducing populations of aphids (Martinez-Torres et al. 1997 ) and aphid clones (Fuller et al. 1999 , Simon et al. 1999 .
In the present study we applied RAPD analysis to several populations of Asterina burtoni from both the Mediterranean and the Red Sea and used the genetic distance data to gain new insight into the evolution and migration of this species. We addressed 2 specific questions: (1) Does the Mediterranean population of the starfish A. burtoni consist of 1 or several clones, which reproduce only by fissiparity? (2) Should we consider the 2 forms of A. burtoni from the Red Sea as 2 different species?
MATERIALS AND METHODS
Starfish. Samples of Asterina burtoni for RAPD analysis were collected in shallow water under stones in the Red Sea and the Mediterranean coast of Israel ( Fig. 1 ). Pluriradiate fissiparous individuals were collected from Elat at the northern tip of the Gulf of Elat (n = 16), and from El Fauz at the southern part of the gulf (n = 11). Pentaradiate individuals were collected from Elat (n = 16). In the Mediterranean Sea, samples were collected in shallow waters near Akhziv (n = 16), Shikmona (n = 16) and Mikhmoret (n = 15). The starfish were transferred to the laboratory, where they were kept in aerated seawater. They were numbered and for identification of locality, a prefix was added to the number: 'A' for Akhziv, 'S' for Shikmona, 'M' for Mikhmoret, 'E' for the pentamerous starfishes from Elat, 'EF' for fissiparous starfish from Elat, and 'EL' for El Fauz.
DNA extraction and polymerase chain reaction (PCR). The soft tissue, stomach and pyloric caecae, of each starfish was removed and separated from the skeleton. The DNA was extracted using a High Pure PCR Template Preparation Kit (Roche). For RAPD amplification (Williams et al. 1993) , approximately 30 ng of genomic DNA were amplified in a 25 µl reaction mixture containing 2.5 mM µl -1 dNTPs, 0.5 U Taq DNA Polymerase (Appligene), 10 mM Tris HCl (PH = 7.5), 50 mM KCl, 1.5 mM MgCl 2 , 0.1 % Triton × 100 and 0.2 mg ml -1 BSA, and 5.2 pmol primer. The samples were subjected to 1 cycle of denaturation at 94°C for 3 min, followed by 40 cycles at 36°C for 1.5 min (annealing step), 72°C for 2 min (extension step), and 94°C for 1 min (denaturation step). The program was completed by 1 min at 36°C and 3 min at 72°C. Reaction products were separated by electrophoresis in 2% agarose gels in TBE and visualized by ethidium bromide staining.
In order to find primers that are suitable for the analysis of the starfish Asterina burtoni, we screened 200 random decamer primers (University of British Columbia Biotechnology Laboratories, Vancouver). The following 7 primers were selected and used for the the analysis of the populations of Akhziv, Shikmona, Mikhmoret, and the pentamerous and the fissiparous starfishfrom Elat: Primer 104 - . For the El Fauz population we used only Primers 104, 116 and 363. Control reactions without template DNA were run alongside the experimental samples.
Data analysis. RAPD analysis was first performed on 79 specimens collected from 3 localities in the Mediterranean Sea and the 2 populations from Elat. These were screened using all 7 primers. Bands were scored, by eye, as present (1) or absent (0). An additional 11 specimens from El Fauz were compared to the 47 starfish from the Mediterranean using 3 of the primers. The resulting data matrix was used as input for parsimony analysis. The 2 character states (present, absent) were taken as unordered. Trees were constructed as unrooted. Equal weight was assigned to each character (band). Computation of genetic distances between taxa and parsimony analysis were performed using the PAUP program (Swofford 1993) .
RESULTS
From the different populations, 79 starfish were collected from locations in the Red Sea and the Mediterranean Sea (Fig. 1) . Their DNA was isolated and used for RAPD analysis. The average number of bands identified per primer was 8.5. A total of 185 bands between 100 and 1400 nucleotide pairs long were scored. All the primers yielded the same band patterns in all the specimens from the Mediterranean Sea, while different patterns were displayed in the populations from the Red Sea. All of the 185 bands scored (100%) were polymorphic among the 32 specimens from Elat, while only 4.6% appeared to be polymorphic among the 47 specimens taken from the Mediterranean Sea. Fig. 2 shows a typical RAPD banding pattern for 1 primer in samples taken from 15 pentamerous starfish from Elat and 2 fissiparous from Shikmona. The pattern variation between individuals is evident. Fig. 3 compares RAPD patterns obtained from the fissiparous starfish from the Mediterranean (Fig. 3A) and Elat (Fig. 3B ) using another primer. While the banding pattern varies among samples collected in Elat, it is uniform among those from the Mediterranean. The relationship among the starfish was analyzed using parsimony analysis (PAUP program), in which only phylogenetically informative characters are used to construct the shortest tree, by stepwise addition of taxa and characters. The polymorphic 185 bands were used, and the data yielded 13 shortest trees of 815 steps long. Fig. 4A shows 1 of these trees. The majority-rule consensus tree in Fig. 4B shows that the 13 shortest trees that we obtained from our data are nearly identical. In all the 141 Fig. 2 . Asterina burtoni. Example of RAPD profiles obtained with Primer 116 using DNA from non-fissiparous (pentamerous) specimens from Elat, Red Sea (E) and 2 specimens from Shikmona (S). M: molecular weight standards shortest trees, the starfish from the Mediterranean Sea are separated from those of the Red Sea by a node of 34 steps.
The above results, showing identical banding patterns in all the specimens collected along the Mediterranean coast of Israel, led to the analysis of a fissiparous population of Asterina burtoni found at El Fauz, on the Sinai coast, in the south of the Gulf of Elat. Due to the limited amount of material from El Fauz and to technical difficulties, we were able to use only 3 primers for this comparison. The average number of bands identified per primer was 8. A total of 24 bands were scored and only 2 of them (8.3%) were polymorphic. This low level of polymorphism suggested a clonal structure of the El Fauz population. Moreover, the patterns of bands were identical between the specimens from El Fauz and those of the Mediterranean specimens from Shikmona, Akhziv and Mikhmoret. Fig. 5 provides an example of RAPD patterns obtained for these samples.
DISCUSSION
In the present study, the genetic diversity of 3 Mediterranean and 2 Red Sea populations of Asterina burtoni were compared. The first objective was to use molecular markers to evaluate the penetration and the successful colonization of the Mediterranean by this starfish. This colonization depended on its ability to reproduce asexually, characterized by low genetic diversity. The second objective was to elucidate the taxonomic relationship of the 2 morphs of A. burtoni.
Analysis of the band patterns, and parsimony analysis by the PAUP program revealed strong similarity between the 3 populations collected in the northern part of the Mediterranean coast of Israel. Moreover, comparison of the population of El Fauz, near the southern end of the Gulf of Elat, with those of the Mediterranean indicates that it is likely that there is a relationship between these populations. Both genetically and geographically distinct from the 2 populations collected from Elat, at the northern end of the Red Sea. The polymorphism of the populations from Akhziv, Shikmona and Mikhmoret is very low, 4.6%, compared to 100% in the Elat populations. This low level of polymorphism may in fact indicate genetic identity and a common source of all the individuals collected from the Mediterranean. These results support the assumption that the Mediterranean population of Asterina burtoni from the Israeli coast reproduce merely by fission and not by sexual reproduction. Achituv & Sher (1991) found only male specimens in Shikmona and concluded that the population of Shikmona reproduces only by fissiparity. A highly skewed sex ratio reflects clonal structure of a population (Johnson & Threlfall 1987) .
The polymorphism found in the populations from Eilat, both among the fissiparous and the non-fissiparous forms, was very high with all the primers tested. Two nodes of 13 and 10 steps, respectively, separate most of the fissiparous individuals from the pentamerous ones, but the separation is not complete, and the 2 forms are present in both branches (Fig. 4) . The high diversity of banding patterns of the fissiparous form from Elat probably indicates that this form reproduces both sexually and asexually. Achituv (1973a,b) reported the presence of male and female mature gonads among the fissiparous starfishes from Elat, supporting a sexual mode of reproduction.
The population from El Fauz, at the southern end of the Gulf of Elat, was very uniform, suggesting clonal structure and indicating the possibile presence of asexual populations in the Red Sea. The polymorphism (based on 3 primers) of the population from El Fauz was very low (8.3%). Achituv & Sher (1991) suggested that the absence of females in the Mediterranean pop- Fissiparity, which produces highly viable propagules, may have been at the basis of the successful colonization of the Mediterranean by Asterina burtoni. This is in contrast to the findings of Safriel & Ritte (1983) , who suggested that success in colonization depends on the 'r ' strategy, which implies a large number of small propagules. For a Lessepsian migrant the establishment of Mediterranean populations depended on the ability of propagules to cross the obstacle presented by the Suez Canal, find a niche in the new ecosystem and occupy it by successful reproduction (Por 1978 ). In the case of A. burtoni, this was achieved most probably by a small asexually reproducing founding population of genetically identical individuals. The source of the founding population was probably a Red Sea fissiparous population like that of El Fauz that may have become established also along the Gulf of Suez. Future exploration along the Gulf of Suez and the Suez Canal may result in the tracing of such a population and its route of migration.
Our results did not show a clear genetic separation between the 2 forms in the Red Sea and thus do not support Achituv's (1969) suggestion of specific separation of the 2 morphs. The high degree of polymorphism found within the 2 populations from Elat is rather unusual in intra-specific situations, and apparently an accurate measurement of the distance between them was not achieved by RAPD: a less variable technique such as restriction fragment length polymorphism RFLP, or the comparison of a specific DNA sequence, would be more suitable for this purpose. 
